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cations of ethylene dibromide (4 to 6 ( I )  ,yer,, Hanson, No, w, 202 J., (1950). Advances in Chem. 

gallons Per acre). A t  present, this (2) Kolthoff, I. M., Sandell, E. B., 
method shows particular usefulness in "Textbook of Quantitative Inorganic 
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I N S E C T I C I D E  RESIDUES 

Persistence of Dimethoate and 
Metabolites Following Foliar 
Application to Plants 

W. C. DAUTERMAN, G. B. VIADO', 
J. E. CASIDA, and R. D. O'BRIEN* 
Department of Entomology, Univer- 
sity of Wisconsin, Madison, Wis, 

Dimethoate [O,O-dimethyl S-(N-methylcarbamoylmethyl) phosphorodithioate] is  known to 
be effective as a systemic insecticide following foliar application. Analyses were made 
of surface and absorbed residues following foliar treatment of corn, cotton, pea, and potato 
plants with radioactive dimethoate. The insecticide was rapidly absorbed and de- 
composed both on the surface and inside the foliage by phosphorothionate oxidation and 
hydrolysis. Only trace amounts of dimethoate and its oxygen analog were present 32 
days after treatment. Of the five identified hydrolysis products, the predominant one from 
near mature peas was phosphoric acid and from the other plants used as seedlings was 
0,O-dimethyl S-carboxymethyl phosphorothiolate on the surface and 0-methyl O-hydro- 
gen S-(N-methylcarbamoylmethyl) phosphorodithioate within the leaf tissue. Limited 
studies were also made on the persistence of the N-ethyl analog of dimethoate. 

IMETHOATE [ 0.0-dimethyl S- (-1'- D methylcarbamoylmethyl) phos- 
phorodithioate] is active as a systemic 
insecticide for grub control in cattle (6 ) .  
This same chemical (designated as 
Rogor in England and Europe) has bem 
used for insect control on plants for 
several years (72. 13). I t  displays good 
systemic activity i'ollowing foliar appli- 
cation (2) and as  a side dressing in the 
soil when formulated on granules ( 7 7 ) .  
The oxygen analog of dimethoate 
rO,O-dimethyl 5'-(.\'-methylcarbamoyl- 
methyl) phosphorothiolate] has been 
demonstrated in bean and cherry plants 
after root and foliar dimethoate treat- 
ment, respectivel) (72, 73). Studies on 
the mammalian metabolism of dis 
methoate were reported in a previou- 
paper (5). 

The present investigation concerns the 
persistence and metabolites associated 
with the use of dimethoate as a systemic 
insecticide for treating plant foliage. 

1 Present address. Department of Ento- 
mology. University of the Philippines, 
Laguna, Philippines. 

* Present address, Pesticide Research 
Institute, Canada Department of Agricul- 
ture, London, Ontario, Canada. 

Methods 

Dimethoate Derivatives Utilized. 
In  addition to dimethyl phosphoric, 
phosphorothioic, and phosphorodithioic 
acids, the following compounds related to 
dimethoate were studied : 0,O-dimethyl 
S-(S-methylcarbamoylmethyl) phos- 
phorothiolate. (CH,O)?P(O)SCH,C(O)- 
iYHCH3> the oxygen analog of dimetho- 
ate; 0,s-dimethyl S-(.V-methylcarba- 
moylmethyl) phosphorothiolate, (CH $0)- 
(CH3S)P(O)SCH,C(O)NHCHa; the S- 
methyl isomer of dimethoate; 0 : O -  
dimethyl 5'-carboxymethyl phosphoro- 
dithioate, (CH 30) zP( S) SCH ?C (0) OH, 
the thio-carboxy derivative of dimetho- 
ate; 0,O-dimethyl S-carboxymethyl phos- 
phorothiolate, (CH30)2P(0)SCH2C- 
(O)OH, the oxy-carboxy derivative of 
dimethoate; 0-methyl 0-hydrogen S -  
(.Y-methylcarbamoylmethyl) phosphoro- 
dithioate, (CH3O) (HO)P(S)SCH,C(O)- 
KHCHa, the des-methyl derivative of 
dimethoate; and 0,O-dimethyl S-(S-eth- 
ylcarbamoylmethyl) phosphorodithio- 
ate? (CH30) ?P(S) SCHzC (0)NHC2Hj ,  
the S-ethyl analog of dimethoate which 
is designated as CL 18,706. 

Synthesis. Radioactive dimethoate 
was prepared, purified, and characterized 

v o  L. e ,  

as previously described (5) using isotopic 
exchange to obtain the phosphorus-32 
pentasulfide intermediate ( d ) .  The ra- 
dioactive product was identical in in- 
frared spectrum ui th  highly purified 
dimethoate and had a specific activity of 
about 25 mc. per gram. Radioactive 
CL 18,706 was prepared in 6 0 7 ,  yield by 
the same procedure as for dimethoate, 
except that L\7-ethyl a-chloroacetamide 
replaced ,\'-methyl a-chloroacetamide. 
The radioactive product was identical in 
chromatographic properties and infrared 
spectrum with a highly purified sample 
of known CL 18.706. 

Volatilization. The volatilization 
rates for radioactive dimethoate from 
cotton leaves and the surfaces of metal, 
wood, glass, plastic. rubber, Masoni.e, 
and Pressboard were determined. Ap- 
proximately 5 y of radioactive di- 
methoate in 0.1 ml. of acetone were ap- 
plied to the upper leaf surface of each 
cotton plant in a spot 0.5 inch in diam- 
eter. or to comparable areas of the other 
surfaces. The treatments uere repli- 
cated six times and the materials were 
held in a greenhouse at  about 28" C. 
Radioassays ( I )  were made periodically 
after treatment. 

The volatilization rate for radioactive 
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CL 18,706 from cotton leaves was also 
determined using the same technique. 

Persistence a n d  Absorption. Potted 
seedlings of corn (variety 1512), cotton 
(Lankart 5 5 ) ,  and potato (Irish cobbler) 
with above-ground heights of 6, 4, and 
6 inches, respectivell-, were treated bv 
dipping rhe plants into a solubilized 
dimethoate solution composed of 30 mg. 
of phosphorus-32 dimethoate, 3.26 mg. 
of Alrod) ne 31 5. 3 26 mg. of Aerosol OT. 
and 8.70 mg. of methyl Cellosolve per 
50 ml. of water. This formulation was 
equivalent to about 0 5 pound of di- 
methoate per 100 gallons of water. 
Four plants of each species were peri- 
odically removed for analysis. The leaf 
surfaces were washed with 20 ml. of 
water followed by two 20-ml. portions of 
acetone. The acetone wash fractions 
were combined and stripped of solvent. 
and the residue was dissolved in the 
water fraction from the surface wash. 
Leaves from each individual washed 
sample were then weighed and 2 to 4 
grams Tvere homogenized with 7 ml. of 
water in a Potter-Elvehjem glass homoge- 
nizer. Total radioactivity was deter- 
mined for each fraction. Four milli- 
liters of the surface wash and the leaf 
homogenate. respectivelv, were parti- 
tioned against an equal volume of chlo- 
roform to determine the per cent chloro- 
form-solubles. The same procedure was 
used for seedling cotton plants treated 
tvith radioactive CL 18.706 and for near 
mature pea plants (Perfection 15 variety) 
treated with phosphorus-32 dimethoate. 

Chemical Changes in Dimethoate on 
the  Plant Surface. Corn, potato, and 
cotton plants Ivere fractionated as de- 
scribed above at 2 and 12 days after 
treatment, while peas were fractionated 
only at  12 days after treatment. Parti- 
tion chromatography with silica gel 
columns (5, 74) was utilized to separate 
the dimethoate derivatives which parti- 
tioned into chloroform from neutral 
aqueous solutions, and ion exchange 
chromatography (8) was used to separate 
the water-soluble metabolites from the 
same extractions. Resolution with the 
ion exchange chromatograms was greatly 
improved over a previous study (5) by 
substituting cylinders (3)  for separatory 
funnels in the gradient elution apparatus 
(8). T o  obtain sufficient radioactivity, 

the surface washes from three plants were 
combined before being chromato- 
graphed. 

Stability of Dimethoate on Glass 
Surfaces. One hundred micrograms of 
radioactive dimethoate in 2 ml. of ace- 
tone were added to a Petri dish and the 
solvent was evaporated. The same 
amount of the compound was also added 
to a Petri dish containing a surface ex- 
tract of potato leaves obtained by scrub- 
bing the leaves with acetone, chloroform, 
and benzene and then allowing this 
combined extract to evaporate in the 
dish. After 7 days of exposure in the 
greenhouse at approximately 28' C. 
the per cent hydrolysis was determined 
by a chloroform-water partition and the 
chloroform-solubles were fractionated by 
partition chromatography. 

Metabolism of Dimethoate Absorbed 
by  Leaves. Using the above described 
techniques, the surface residues at 2 and 
12 days after treatment were removed by 
washing with water and acetone. These 
leaves which were free of surface residue 
were then homogenized with 7 ml. of 
water in a Potter-Elvehjem glass ho- 
mogenizer and the homogenate was 
partitioned with an equal volume of 
chloroform. The chloroform-soluble 
metabolites were fractionated on a silica 
gel column and the water-soluble me- 
tabolites on an ion exchange column. 

Dimethoate Residues in Peas. 
Flowering pea plants (Perfection 15 
variety) were sprayed with radioactive 
solubilized dimethoate to yield an initial 
residue of 25 p.p.m, based on the wet 
weight of the whole plant. Immediately 
after treatment. four whole plants were 
fractionated. and 17 days after treatment 
an additional four plants were separated 
into pods and nonfruiting tissues which 
were analyzed separately. Extraction 
consisted of homogenizing the tissue in a 
Waring Blendor with 100 ml. each of 
water and chloroform followed by cen- 
trifugation to separate the water, chlo- 
roform, and insoluble residue fractions. 
This residue was re-extracted with 100 
ml. of acetone and after the solvent was 
stripped the acetone-soluble materials 
were added to the chloroform. Total 
radioactivity was determined for each 
fraction, including the residue which was 
first predigested in nitric acid to allow 
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Figure 1 .  Per cent of 
total applied dimetho- 
ate and CL 18,706 
equivalents persisting on 
and in cotton leaves 
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more efficient counting. Using the 
fractionation system just described, un- 
treated pea samples to which 1 p.p.m. 
of dimethoate was added gave recovery 
rates of 85 and 93y0 for the pods and 
plants, respectively. 

Other  Methods. Other techniques 
not discussed in detail were the same as 
in a previous study on dimethoate (5). 

Results and Discussion 

Volatilization. Dimethoate \\-as lost 
from the surface of treated cotton leaves 
at the rate indicated in Figure 1. Ap- 
proximately 58y0 of the total dimethoare 
equivalents were lost during the first 10 
days with no substantial loss thereafter. 
The rate of CL 18,706 loss from cotton 
leaves was similar to that of dimethoate 
(Figure l ) ,  the major loss occurring dur- 
ing the first 10 days and amounting to 
63% of that initially applied. Loss of 
total dimethoate equivalents from the 
surface of metal. plastic. rubber. and 
glass followed first-order kinetics. The 
number of days until one-half volatiliza- 
tion had occurred \vas 35. 39, 71, and 
130. respectively. for the surfacTs. IVith 
wood, Masonite, and Pressboard the 
rate of dimethoate volatilization \\-as too 
low to be accurately measured. 

The major loss recorded by this tech- 
nique was probably by volatilization. 
However, with cotton leaves some loss 
also occurred from penetration into the 
leaf resulting both in self-absorption of 
the beta-radiation by the leaf tissue and 
partial translocation of the material 
aivay from the area assaved (73). Co- 
distillation may have also been involved 
in the residue loss from plants. 

Persistence and  Absorption. Di- 
methoate residues in and on plant leaves 
were dissipated at the rate indicated in 
Table I. this loss resulting both from 
volatilization and increase in plant 
iveight from growth. The total parts 
per million of dimethoate equivalents 
diminished most rapidlv with corn. 

As shown in Figure 2. solubilized 
dimethoate rapidly penetrated into the 
foliage of corn, cotton, and potato. 
From the data in Table I and Figure 2 it 
is possible to calculate the actual parts 
per million in each fraction of the leaf. 
For example, at 32 days after treatment 
of potato foliage there were 4.8 p.p.m. 
total dimethoate equivalents on the 
surface and 23 2 p.p.m. inside the potato 
leaf, As for the chloroform-soluble 
dimethoate derivatives, 0.1 p.p.m. was 
found on the surface in contrast to 0.46 
p,p,m. inside the leaf a t  this time. 

Similarly, on cotton and potato foliage 
dimethoate penetrated rapidly and the 
breakdown was much slower on the 
surface than inside the leaf (Figure 2).  
I t  seemed to be metabolized more slowly 
in cotton than potato, as at 8 days there 
were 18y0 as chloroform-solubles inside 
the cotton leaf but only 7y0 in potato. 
CL 18,706 also penetrated rapidly into 



cotton foliage with slower degradation on 
the surface than inside the leaf (Figure 
2) .  Comparing the two compounds at  
32 days after treatment of cotton, the 
amount of chloroform-solubles was simi- 
lar, but the per cent of the total applied 
equivalents on the surface was about 
207,  for dimethoate and 12% for CL 
18,706, indicating a somewhat more 
rapid penetration of CL 18,706. 

Of the plant species studied, the rate 
of penetration of dimethoate into the 
leaf was the slowest Lvith corn (Figure 2).  
The rate of metabolism inside the corn 
leaf \vas much faster than Ivith potato or 
cotton as shown by the rate of decrease of 
the chloroform-soluble materials, but 
the surface alteration was the slowest. 

Chemical Changes in Dimethoate on 
Plant Surface. For evalualion of 
residue data it ias essential to kno\v the 
composition as well as the total level of 
residues. Column chromatography or 
the chloroform-soluble compounds on the 
surface 2 and 12 days after treatment 
showed that in addition to dimethoate a 

a 
w 
a 
a 
a 

I- z 
3 
0 
5 a 

LL 
0 

I- z 
W 
0 

LT 
w 
a 

DIMETHOATE POTATO 

-1 

DIMETHOATE COTTON 1 3i 

DAYS AFTER TREATMENT 

Figure 2. Persistence of dimethoate on 
or in leaves of cotton, potato, and corn 
and CL 18,706 on or in cotton foliage 

0 yo total residue on surface 
X yo surface residue as chloroform-soluble di- 

A yo absorbed residue as chloroform-soluble 
methoate equivalents 

dimethoate equivalents 

Table 1. Persistence of Dimethoate and CL 18,706 or Their Metabolites on 
and in Plant Foliage 

Days 
offer 
Treaf- Dimethoatea ~~ CL 18,706a 
ment Corn Peas Pototo Cotton Cofton 

0 246 129 791 65 66 

4 24 . . .  428 28 50 

12 7 . 0  34 98 20 25 

32 . . .  . . .  28 7 . 0  10 

(1 Figures represent total parts per million of dimethoate or of CL 18,706 equivalents. 
b Numbers in parenthesis pive the range (four replicates). 

(195-298)h (1 12-150) (590-1040) (55-72) (58-75) 

(9-46) (300-500) (24-323 (40-65) 

(5-10) (32-40) (75-1 80) (16-22) (19-31) 

(16-39) (5-10) (9-12) 

compound eluting with 10070 chloro- 
form ]vas present. The first radioactive 
peak was characterized as dimethoate 
based on chromatography ni th  kno\vn 
carrier compound and similar rates of 
hydrolysis of the radioactive component 
and the carrier in O.lA\f aqueous sodium 
carbonate as ascertained b) chloroform- 
water partitioning after various incuba- 
tion times. The second peak was found 
to co-chromatograph Ivith the known 
oxygen analog and not with the S- 
methyl isomer of dimethoate. Paper 
chromatography with 85 to 15 acetoni- 
trile-water also shorved co-chromatog- 
raphy of the second peak from the 
column with the known oxygen analog, 
both having an R,  value of 0.74. There- 
fore oxidation and not isomerization was 
the principal nonhJdrolytic alteration in 
dimethoate on the surface. The per cent 
of oxygen analog (Table 11) was similar 
for all the plant species with respect to 
the surface residues. 

The amount of dimethoate, oxygen 
analog, and water-soluble derivatives on 
the surface 2 and 12 days after treatment 
of potato is shown in Table 111. \I'ith 
the longer time interval there was a de- 
crease in the total amount of oxygen 
analog on the surface but an increase in 
the proportionate amount with respect 
to dimethoate (Table 11). The decrease 
in total dimethoate equivalents bet\veen 
2 and 12 days is partially attributable to 
a loss from the surface by absorption, 

Table II. Per Cent of Chloroform- 
Soluble Dimethoate Equivalents as 

Oxygen Analog of Dimethoute 
(Remainder as dimethoate) 

Corn Peas Pototo Cofton 

Surface 
0 9  0 8  

12davs 5 4 4 8 6 3 6 8 

2 days 1 4 3 9  3 4  
12davs 11 8 10 5 25 0 8 8 

2 days 0 9 

Internal 

volatilization, and possibly co-distillation. 
The water-soluble derivatives on the 

surface of corn. cotton. and potato were 
fractionated by ion exchange chroma- 
tography into four materials (Table IV). 
Dimethyl phosphoric acid, 0,O-dimethyl 
phosphorothioic acid. and the des-methyl 
derivatike of dimethoate were identified 
by co-chromatography \vith known car- 
rier compounds. The fourth material 
\vas probably the oxy-carboxy derivative 
of dimethozte based on the following 
evidence : not extracted by chloroform 
at  pH 7 but readily extracted at  pH 1.3 
suggesting that the material is a weak 
acid; co-chromatography on an ion 
exchange column with a minor product 
(7.6Y0) from the hydrolysis of the oxygen 
analog of dimethoate in 1-Y hydrochloric 
acid for 12 hours at 28' C.; and co- 
chromatography on an ion exchange 
column with a product formed in 26"/c 
yield by bubbling nitrogen tetroxide 
(NpO4) through a carbon tetrachloride 

(C H ,o) ,P(S)OH (CH ,o), P (0) o H 
I * 

(CH,01,P(S)SCH,C(0)NHCH3 f (CH,OI,P(O)SCH,C(O)NHCH, 

1. Is 
(CH30)(HO)P(S)S C H,C(O)NHCH, (CH,O),P(OISC H,C(O)OH 

Figure 3. Proposed metabolic pathway for 0,O-di- 
methyl S-(N-methylcarbamoyl-methyl) phosphorodi- 
thioate applied to surface of corn, cotton, and potato 

a. 
s. 
This decomposition pathway does not incorporate the large amount 
of phosphoric acid formed in peas 

Reactions of absorbed residues, presumably enzymatic 
Reactions of surface residues, presumably nonenzymatic 
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Table 111. Nature of Residues from Dimethoate Applied to Potatoes 
Surface Internal 

Days offer Oxygen Oxygen 
Treatmenf Dimethoofe anclog H20  sol. Dimethoate analog H 2 0  sol. 

2 77 .5  0 . 7  11 .1  27 .8  1 . 7  39 .7  
12 1 . 3  0 . 1  6 . 2  2 . 0  0 . 6  50 .2  

Results expressed as micrograms of total dimethoate equivalents per plant rather than 
as p.p.m. to minimize changes resulting from increase in plant weight due to growth. 

Table IV. Composition of Water-Soluble Metabolites on Plant Surface 2 
and 12 Days after Treatment 

(Expressed as per cent) 
Oxy-Carboxy Des-methyl 

HsP04 ( M e O ) * P ( O ) O H  Derivotive ( M e O ) Q P ( S ) O H  Derivative 
2 days 

Corn 0 . 0  3 . 2  7 7 . 4  9 . 0  1 0 . 5  
Potato 0 . 0  0 . 7  93 .8  2 . 7  2 . 6  
Cotton 0 . 0  2 . 4  94 .1  2 . 5  1 . 1  

12 days 
Corn 0 . 0  
Pea 5 1 . 7  

6 . 3  8 7 , 5  
7 . 6  8 . 8  

2 . 7  
1 1 . 3  

3 . 5  
20 .7  

Potato 0 . 0  4 . 4  81 . O  6 . 0  8 . 6  
Cotton 0 . 0  6 . 2  70 .9  4 . 6  1 8 . 3  

Table V. Composition of Water-Soluble Metabolites Inside leaves 12 
Days after Treatment 
(Expressed as per cent) 

Oxy-Carboxy Der-methyl 
H3P04 ( M e O ) 2 P ( O ) O H  Derivative ( M e O ) ? P ( S ) O H  Derivafive 

Corn 0 . 0  1 3 . 8  4 . 1  17 .8  64 .3  
Pea 47 .8  1 2 . 0  5 . 7  16 .8  1 7 . 7  
Potato 0 . 0  25 .9  1 0 . 4  1 8 . 4  4 5 . 3  
Cotton 0 . 0  1 2 . 8  5 . 4  12 .6  69 .2  

Results for homogenates of leaves washed to remove surface metabolites. 

solution of the thio-carboxy derivative of 
dimethoate at OOto 10" C., a procedure 
which oxidized the thiono group based on 
infrared evidence. From large amounts 
of plant foliage 300 y of this fourth radio- 
active material were recovered, but 
attempts to separate the compound from 
2 mg. of nonradioactive impurities in 
order to obtain an interpretable in- 
frared spectrum were unsuccessful. The 
major water-soluble derivative of di- 
methoate on the surface 2 and 12 days 
after treatment was the oxy-carboxy 
compound (Table IV). With these 
three plant species only dimethyl phos- 
phoric acid definitely increased in pro- 
portion during the 2- to 12-day period. 

O n  the leaf surface of mature pea 
plants five water-soluble derivatives 
were found, the major one being phos- 
phoric acid (Table IV). 

Stability of Dimethoate on Glass 
Surfaces. The extensive hydrolysis and 
partial oxidation of dimethoate on the 
leaf surfaces might result from a general 
surface phenomenon or might be unique 
for the plant surface due to catalytic or 
reactive materials from the leaf or by 
excretion onto the surface of materials 
which had been produced by metabolism 
inside the leaf. To  differentiate these 
mechanisms, dimethoate was added to 
glass surfaces, and to glass surfaces treated 
with a surface wash from potato 
leaves (see Methods). Some degradation 
occurred in both cases in 7 days. The 
plain surfaces had llY0 of the total as 
hydrolysis products and 1.5% of the 
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chloroform-solubles as oxygen analog. 
The corresponding figures for the treated 
surface were 19 and l.lY0. The reac- 
tions on the plant leaf are therefore 
largely attributable to nonspecific effects, 
although the possibility remains that 
hydrolysis is catalyzed by a component 
of the leaf surface. The variety of di- 
methoate metabolites which appear on 
the leaf surface probably results, at least 
in part, from the excretion onto the sur- 
face of metabolites formed within the 
leaf. 

Metabolism of Dimethoate Absorbed 
by Leaves. Chromatography of the 
chloroform-soluble compounds inside the 
leaf a t  2 and 12 days after treatment gave 
two radioactive peaks which were identi- 
fied as dimethoate and its oxygen analog 
by chromatography with known carrier 
compounds. Based on the per cent of 
oxygen analog formed inside the leaf 
(Table 11), the potato seems to have the 
best ability to oxidize dimethoate. 

From these findings it was possible to 
calculate the amount of dimethoate. 
oxygen analog, and water-soluble me- 
tabolites inside the potato leaf 2 and 12 
days after treatment (Table 111). There 
was a decrease with time in the total 
amount of oxygen analog inside the leaf, 
but a proportionate increase with respect 
to dimethoate (Table 11). The de- 
crease in total micrograms of dimethoate 
equivalents between 2 and 12 days pre- 
sumably reflects some form of redistribu- 
tion, volatilization and/or excretion. 
The data on the chloroform-soluble ma- 
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terials show that it is essential for a resi- 
due analysis method to determine both 
dimethoate and the oxygen analog, al- 
though it may not be necessary to dis- 
tinguish between them. 

Analysis of the water-soluble metab- 
olites in the leaves of corn, cotton, and 
potato showed the same four materials 
which were found for the surface wash 
but in different proportions (Table \'). 
Whereas on the leaf surface the oxy- 
carboxy compound predominated, inside 
the leaf the des-methyl metabolite was 
found in the greatest amount. In  
potato there was a larger percentage of 
dimethyl phosphoric acid and a lesser 
percentage of des-methyl derivative than 
in cotton and corn. The major water- 
soluble metabolite found in mature pea 
leaves was phosphoric acid and the other 
derivatives were present in about the 
same proportions on the surface as within 
the leaf. The contribution of 0-methyl 
0 - hydrogen S - - methylcarbamoyl- 
methyl) phosphorothiolate, the des- 
methyl derivative of the dimethoate 
oxygen analog, to these results is not 
known. as the pure compound was not 
available to determine its position of 
elution. 

Dimethoate Residues in Peas. The 
chloroform-soluble dimethoate equiva- 
lents from pea plants treated in the 
flowering stage dropped from 25 p.p.m. 
initial over-all residue to 0.3 p.p.m. for 
the pea pods and 0.5 p.p.m, for the re- 
maining plant tissue b)- harvest at 17 
days. Water-soluble dimethoate equiva- 
lents :omprised 1.8 p.p.m. of the pods 
and 6.7 p.p.m. of the remaining plant 
tissue, while the unextractable residue 
fraction contained 1.1 p.p.m. dimethoate 
equivalents for the pods and 1.4 p.p.m. 
for the other tissues. 

Conclusions 

The formation of the oxygen analog of 
dimethoate on the surface of leaves is 
probably a nonenzymatic oxidation as it 
can be duplicated when dimethoate is 
exposed to the atmosphere in a thin layer 
on nonbiological surfaces. However, 
the high levels of oxygen analog in- 
ternally suggest that enzymatic oxidation 
also occurs. This is also suggested by the 
observation that oxygen analog is formed 
within the plant following systemic treat- 
ment via the roots (12, 13). 

The marked quantitative difference 
found in the levels of the different water- 
soluble derivatives on the surface and in 
the leaves of young corn, cotton, and 
potato plants suggests quite different 
mechanisms of degradation. As no 
0.0-dimethyl phosphorodithioic acid 
was found in any case, both enzymatic 
and nonenzymatic attack on the P- 
S-C bond probably occurs at the P-S 
rather than at  the S-C linkage. Alter- 
nate explanations for the absence of this 
dithioic acid would be that it was rapidly 



oxidized after formation or that the 
hydrolysis of the P-S-C bond in di- 
methoate al\vays follows a preliminary 
phosphorothionate oxidation. 

Hydrolysis at the alkoxy group oc- 
curred mainly inside leaves of corn, 
cotton. and potato, indicating an en- 
zymatic action at  this site. Degradation 
at the alkoxy group has been reported for 
mammals (5. 7: 9, 70)> but this is the 
first similar observation in plants. 

Hydrolysis in and on the surface of 
mature pea plants was greatl) different 
from the other plants in that phosphoric 
acid was the major derivative formed in 
peas but was absent in corn. cotton, and 
potatoes. The explanation of this strik- 
ing difference with peas is not known. 

\Vhen dimethoate was administered to 
mammals, the major metabolite excreted 
\vas the thio-carboxy derivative (5). 
As none of this derivative was found in or 
on plants, the formation of the oxy- 
carboxy derivative probably proceeded 
by oxidation of dimethoate to its oxygen 
analog first and then by hydrolysis of the 
carbamoyl group. As the oxy-carboxy 
derivative was found in largest amounton 
the surface. the carbamoyl bond cleavage 
\vas probably nonenzymatic and it is 
unnecessary to postulate an enzyme 
hydrolyzing the C---N bond of this com- 
pound in plants. 

In a previous study on dimethoate 
metabolism in mammals (5), no oxygen 
analog was isolated although there was 

indirect evidence for its formation. The 
plant studies reported here were made 
with a phosphorus-32 dimethoate sample 
of five times greater specific activity, 
which may partially account for the 
ability to detect the oxygen analog in 
plants but not mammals. An uni- 
dentified dimethoate metabolite reported 
in the mammalian study and designated 
as “unknown A‘’ (5) has the same 
properties as the oxy-carboxy derivatike 
found in plants. 

The pathway of dimethoate degrada- 
tion in plants is summarized in Figure 3. 
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P E S T I C I D E  RESIDUES 

Rapid Combustion and Determination 
of Residues of Chlorinated Pesticides 
Using a Modified Schoniger Method 

HLORINE has been removed from C chlorinated pesticides prior to their 
determination as residues, by combustion 
and sodium reduction. Schoniger (2, 
3)  used an oxygen-filled flask to burn 
samples in a rapid combustion method 
for the microdetermination of halogens 
and sulfur in organic compounds. In  
the work reported, an oxygen-filled 
flask with a balloon attached for pressure 
control is used for combustion of residues 
of chlorinated pesticides. 

A benzene extract of alfalfa containing 
the pesticide is evaporated in a cone of 
cellulose acetate. The cone and con- 
tents are burned in the flask and the hy- 
drogen chloride gas is absorbed in dilute 
sodium hydroxide. A specially designed 
platinum holder permits complete com- 
bustion of the residue with no carbon for- 
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mation. Chloride is determined spec- 
trophotometrically by an adaptation of 
the method of Bergmann and Sanik ( 7 )  
involving displacement of thiocyanate 
by chloride in the presence of ferric ion. 

Description of Combustion Flask 
The combustion flask and platinum 

holder are illustrated in Figure 1 (‘4 and 

A 1-liter borosilicate glass Erlenmeyer 
flask with a 34/28 standard-taper, female 
ground joint sealed on the neck is used. 
A side arm (1.5 cm in outside diameter, 
7 cm. long) is sealed to the flask at  the 
base of the shoulder as shown. A rubber 
balloon about 7 cm. long is secured to 
the side arm with string. A small 
rubber band is placed on the arm as 
shown. 

B)  . 

I \ 

i 3 
Figure 1. Combustion apparatus 

A. Flask 
B .  Platinum holder ~ 

C. Plastic cone template 

The platinum holder is constructed by 
sealing a 13-cm. length of No. 16 B and 
S gage platinum wire onto a 34/28 
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